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Abstract

This paper studies the structure of the adjustment costs for heterogeneous labour inputs,
allowing for asymmetries and interaction effects among them. To do this, I estimate Euler

Ž . Žequations for the demands of permanent nonproduction white collar and production blue
.collar employees using a sample of Spanish manufacturing firms. These equations are

estimated using the subsample of observations for which adjustment is done, controlling for
endogenous sample selection. The main results confirm the heterogeneity of adjustment
costs for these two labour inputs, and the existence of cross-adjustment effects between
them. Weak evidence of asymmetry in permanent nonproduction labour is also found.

JEL classification: C33; J23; J32
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1. Introduction

Labour market regulations aimed at enhancing job-security are dominant in
most western European countries, and Spain is not an exception. These regulations
seek to reduce dismissals of workers and fluctuations in employment, and their
effectiveness materialize through changes in the costs of adjustment. To under-
stand how these job-security regulations operate it is therefore necessary to learn
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how these costs affect labour demand and how such regulations modify them. As
Ž .stressed by Hamermesh and Pfann 1996 , knowledge of the structure of adjust-

ment costs is crucial to understand macroeconomic fluctuations in employment.
Ž .Most empirical studies e.g. Nadiri and Rosen, 1969; Sargent, 1978 presume

that the quasi-fixity of labour results from increasing costs of adjustment. Never-
theless, the sources of such costs can be very different depending on whether

Ž .changes in a firm’s employment are either positive hiring costs or negative
Ž .firing costs , so that in general adjustment costs will depend on the sign of such
adjustment. In fact, the standard assumption of quadratic and symmetric adjust-
ment costs yields an unsatisfactory description of the costs that firms face when
adjusting employment. Empirically, the dynamics of labour demand based on
symmetric adjustment costs are in general at odds with the data. The rejection is

Ž .stronger as the level of data disaggregation rises e.g. from industry to firm .
Ž .Using data on Dutch manufacturing firms, Pfann and Verspagen 1989 obtain

evidence in favour of asymmetric adjustment costs, in which hiring costs exceed
firing costs.

Moreover, the assumption of workers’ homogeneity becomes inappropriate and
may lead to wrong inferences if the dynamics of adjustment among labour inputs
prove to be different. Intuitively, one would expect hiring costs to be larger the
higher the skill of workers, since training costs are expected to be lower for
unskilled labour. Furthermore, since severance pay depends on the worker’s
earnings and they depend on his skill, firing costs will increase with worker’s skill.

Ž . Ž .Empirical findings by Palm and Pfann 1990 and Pfann and Palm 1993 , using
Ž .aggregate data from the Netherlands and the UK, and Bresson et al. 1991, 1992 ,

using firm-level data from France, among others, show that the adjustment speed
of unskilled workers is generally higher than that of skilled workers. These studies
seem to imply that when firms face a shock, they do not necessarily adjust
employment uniformly for the different labour inputs.

Recognizing labour heterogeneity requires examining how the costs of chang-
ing one type of labour affect the dynamics of the demand for other types. After the
occurrence of a shock, the speed of adjustment will not be the same for all labour
inputs. A particular labour input will be adjusted more slowly than others if either
its variable adjustment costs are more convex or, alternatively, they are simply
greater and firms do not know the duration of the shock. Furthermore, the size of
the shock that it is needed to adjust a given labour input increases with the fixed
costs of adjusting that input. Additionally, stickiness in adjusting one type of
labour may affect the speed at which other types are adjusted. In recent work, Rota
Ž .1997 finds considerable stickiness in Italian manufacturing employment, as
reflected by the significant percentage of firms that do not adjust employment in a
particular year. This sort of evidence suggests the existence of a significant
lump-sum component in firms’ adjustment costs.

The main purpose of this paper is to evaluate the structure of adjustment costs
considering different labour inputs, and allowing for interrelated dynamics among
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them, 1 and for costs asymmetries between positive and negative employment
changes. To do this, I use a Spanish panel of manufacturing firms corresponding
to the period 1986–1991. This data set contains annual firm-level information on

Žthe number of employees by duration of the labour contract fixed-term vs.
. Žindefinite and by job nonproduction or white collar workers vs. production or

.blue collar workers . I derive and estimate Euler equations for permanent produc-
tion and nonproduction employees in a standard profit-maximizing framework,
using an asymmetric adjustment costs representation. In the sample, there is
evidence of a mass point at zero adjustment for each of the labour inputs, which
suggests the existence of either fixed costs of adjustment, or indivisibilities in
labour inputs, or both. Since the Euler equations are marginal conditions, they are
inconsistent with a mass point at zero adjustment, and I therefore will estimate
each equation using the subsample of observations for which adjustment is done,
yet controlling for endogenous sample selection. I thus will concentrate in the
adjustment costs structure that firms face in addition to fixed costs; although my

Ž .approach recognizes and controls for the possibility of such fixed costs, I will not
consider their estimation.

The Spanish case is an interesting one, because the regulations underlying its
labour market, which lie on the same job-security principles as those of most

Ž .western European countries see Burda, 1991 , are also among the most protective.
These regulations have been characterized by the existence of mandatory sever-

Ž .ance payments, which increase firing costs leading in practice to quasi permanent
labour contracts, and reducing fluctuations in employment at the expense of

Ž .greater lags in its adjustment. In addition, as Blanchard et al. 1995 remark, the
microeconomic aspects of the Spanish labour market, and in particular its labour
market institutions and regulations, ‘make the Spanish market one of the most
rigid in the industrialized world’. Before 1984, the labour market legislation only
allowed for permanent employment contracts, which entailed restrictive conditions
for layoffs and sizeable redundancy payments. Since 1984, restrictions on fixed-
term or temporary contracts have been gradually eliminated. New labour regula-
tions allowed firms to offer workers temporary contracts for jobs that were not
temporary in nature, 2 and to dismiss workers with temporary contracts and low

1 Ž .Pindyck and Rotemberg 1983 estimate a system of factor demands using US aggregate
manufacturing data, but they assume that the effects of changes in one factor on costs of adjusting other
factors are zero, so cross effects in their model appear solely through technology.

2 Before 1984, temporary contracts were allowed just for seasonal jobs, related to agriculture,
construction and tourism activities. Since then, the number of temporary contracts lived a huge
increase. The share of temporary employment in Spain rose from 10% in the whole economy and 2%
in manufacturing in 1983 to 33% in the whole economy and 10% in manufacturing in 1993. In the
period 1986–1990, 80% of the contracts registered at employment offices were temporary. For a
complete description of the typology of temporary contracts in Spain and their effects, see Segura et al.
Ž .1991 .
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Žredundancy payments relative to those for permanent workers, that is, workers
.with indefinite contracts . These reforms entailed a significant increase in the share

of temporary employees in total employment, though strong regulations on
Ž .permanent employment were maintained. In previous work, Sanz Gomez 1993´

found that permanent production workers have been strongly substituted for by
temporary workers. The extensive use of temporary contracts in Spain since the
mid-80s has shaped a dualistic labour market, where labour turnover is high for
temporary workers, but very low for permanent ones. The Spanish data set used in
this paper allows us to consider differences in adjustment costs and cross-adjust-
ment effects for three different labour inputs: permanent nonproduction workers,
permanent production workers and temporary workers.

The rest of this paper is organized as follows. The basic model is presented in
Section 2. Section 3 summarizes the characteristics of the data set and the sample
period for which the data are available, and discusses the econometric approach.
The estimation results are presented in Section 4. Section 5 gathers the main
implications of the empirical analysis and concludes.

2. A dynamic model of labour inputs demands

Each firm is assumed to maximize the expected discounted value of its stream
of current and future real profits. Every period t, a firm chooses inputs of

Ž 1.permanent nonproduction or white collar workers L , permanent production ort
Ž 2 . Ž 3.blue collar workers L , and temporary workers L , and uses capital Kt t t

Ž . 3assumed to be predetermined . Therefore, the problem for the firm can be
written as:

` 3
j jmax E r F L , K yAC L , L y W LŽ . Ž .Ý Ýt tqs tqs tqs tqs tqsy1 tqs tqs

3j ss0 js1L� 4 js1t

1Ž .
w x w < xwhere E P sE P V denotes the mathematical expectation given the informationt t

Ž .set available to the firm when choosing labour inputs at period t, V ; F P is thet
Ž 1 2production function, which depends on the vector of labour inputs, L s L , L ,t t t

3.X jL , and the real capital stock K ; and W is the real wage paid to labour input j,t t t
j Ž . Ž .L . The function AC P represents adjustment costs measured in output units ,t

Žwhich is defined in terms of the growth rates of labour inputs, that is, AC L ,t
. Ž .L sAC Dln L , where D denotes the first-differences operator. Notice thatty1 t

3 This simplifying assumption, which is equivalent to assuming that adjustment costs for capital are
not interrelated with labour inputs, might be relaxed by introducing cross-adjustment terms for capital
in the adjustment cost function. I rule out this possibility in order to minimize the number of
parameters to estimate.
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the specification of adjustment costs in terms of the growth rates takes into
account the relative sizes of firms, implying that for a given percentage change in
labour input, adjustment costs are equal among firms with different size.

Thus, the maximization problem above yields the following first-order condi-
Ž .tions Euler equations for each labour input j:

E F 1 EAC Dln L EAC Dln LŽ . Ž .t t tq1jE yW y yr s0. 2Ž .t t tq1j j j jž /E L L EDln L EDln Lt t t tq1

To get explicit forms for the Euler equations, it is necessary to adopt parameteriza-
tions of the technology and the adjustment cost function. For the technology

Ž .Y sF P , I assume a Cobb–Douglas specification in terms of the efficiency unitst

of labour and capital,
aL

a j jKY sexp e K l N , 3Ž . Ž .Ýt t t tž /
j

where e denotes technological shocks, N j represents labour input j in annualt t
4 jŽ . junits, and l js1,2,3 measures the relative productivity of input j, N , wheret

l1 is normalized to unity. Therefore, the marginal productivity for labour input j
can be written as

E F E F d N j Y d N j
t t t t tjs s a l . 4Ž .Ž .Lj j j jj jE L E N d L d Ll Nt t t tÝ t

j

The specification for adjustment costs allows for asymmetries between firing
and hiring costs, so that the cost of a positive percentage change is allowed to
differ from the cost of a negative percentage change of the same size. Further-
more, I allow for cross-adjustment effects among different labour inputs. The
empirical specification for adjustment costs is a third degree polynomial in terms
of the growth rates of labour inputs: 5

1 12 3m mAC Dln L s g Dln L q d Dln LŽ . Ž . Ž .Ý Ýt m m t m t2 3m m

q g Dln Lm Dln Ls 5Ž .Ž . Ž .Ý Ý m s t t
m s/m

where asymmetry between hiring and firing costs arises whenever d /0: hiringj
Ž . Ž .costs will be higher resp. lower than firing costs if d )0 resp. d -0 . Thej j

4 Ž . j jThat is, whereas for permanent labour inputs js1,2 , N s L , for the temporary labour inputt t
3 3 Ž .N s L = average number of weeks worked during the year r52.t t
5 This polynomial can be viewed as a Taylor approximation to more general nonlinear forms of

adjustment cost functions, as it is the case for the asymmetric adjustment cost specification in Pfann
Ž . Ž . Ž .and Verspagen 1989 , Bresson et al. 1991 and Pfann and Palm 1993 .
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coefficients g capture possible interactions among adjustments in differentjk

labour inputs. These interaction effects can appear due to changes in the composi-
tion of the labour force that may entail disruption effects in the organization of the
production process. The costs associated with such disruption effects after a
change in a particular labour input could be affected if the remaining labour inputs

Ž .are adjusted accordingly. For example, let g )0 resp. g -0 ; after a decreasejk jk
Ž j . k Žin input j Dln L -0 , adjustment costs may be reduced if Dln L )0 resp.t t

k .Dln L -0 . Whereas the main source of asymmetry for each j-th input comest

through d , the coefficients g only have a marginal impact on the asymmetryj jk

between hiring and firing costs; their main effects concern the convexity curvature
of the adjustment cost function.

I will concentrate on the estimation of the Euler equations for permanent
nonproduction and production labour inputs, and I will not consider the equation
for temporary workers. The main reason, that will be justified in detail below, is
that the frequency of adjustments in temporary employees during the year is very
high, and therefore it is very difficult to capture the adjustment costs structure for
these workers using annual data.

3. Data and econometric issues

3.1. Data sources

The main data set is a balanced panel of 1080 manufacturing firms recorded in
Žthe database of the Central de Balances del Banco de Espana Central Balance˜

. ŽSheet Office, after this, CBBE during the period 1986–1991 see Appendix A for
.a description of these data . Data on three categories of employment are available:

permanent employees, which are broken down by occupation into nonproduction
or white collar workers and production or blue collar employees; and temporary
employees. Unfortunately, no breakdown by occupation exists for temporary
employees. Finally, another limitation of the data is that there is no information on

Žfires and hires, so it is only possible to measure net changes through variations in
. 6the stocks of labour inputs , but not gross changes in labour inputs. Conse-

quently, all the dynamics that can be captured when estimating the model will be
based on net changes in employment.

Even though the CBBE data include information on the firm’s average wage
Ž .rate for its labour force firm’s labour costsrnumber of employees , the firm’s

wage rate for each labour input is not reported. Complementary data on wages are

6 This problem is more acute the higher the level of aggregation in employment, so hopefully
disaggregation of employees by occupation and type of contract will reduce the difference between net
and gross changes.
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Žobtained from the Encuesta de Salarios Wage Survey, source: National Statistics;
. ŽES after this and from Distribucion Salarial en Espana Wage Distribution in´ ˜

.Spain, source: National Statistics; DS after this . The ES survey provides
industry-level information about average wages for production and nonproduction
employees per year, irrespective of contract duration. In order to distinguish the
wage rates of temporary and permanent employees, I use the DS survey, which
unfortunately reports industry level information just for 1988. It will thus not be
possible to capture any time variation of relative wages between temporary and
permanent employees.

3.2. Preliminary eÕidence

Value added in Spanish manufacturing registered an annual average growth rate
of 3.9% during the period 1986–1990. Employment in this sector grew accord-
ingly at an average annual rate of 2.7%. In the earlier expansionary period
Ž .1966–1974 , an annual growth rate of 9.1% in manufacturing value added led to
a 3.4% employment growth. This greater elasticity of employment to GDP growth
in the eighties is partly explained by the greater flexibility of the Spanish labour
market after the introduction of temporary contracts, which have contributed to

Ž .reducing employment persistence cf. Bentolila and Dolado, 1994 . The share of
temporary employment in Spanish manufacturing has risen monotonically from
1986 to 1990. Table 1 shows the evolution over time of the main variables related

Table 1
Ž .Descriptive statistics weighted averages

% Year

1986 1987 1988 1989 1990 1991

Rates of growth
Real output 8.28 7.83 7.82 0.06 0.04
Employment 1.65 1.88 1.87 y0.82 y2.21
Permanent 0.41 0.32 y0.33 y1.41 y1.75

Nonproduction 1.91 1.89 1.52 1.60 0.83
Production y0.37 y0.51 y1.32 y3.10 y3.26

Temporary 22.82 23.50 26.70 4.41 y6.04
Wages 9.23 6.26 7.09 9.72 8.98
Investment rate 6.06 6.81 6.81 7.63 7.44
Net investment rate 1.76 2.47 2.29 2.79 2.31

( )Labour shares in percentage of total employment
Permanent 94.45 93.28 91.85 89.87 89.33 89.75

Nonproduction 32.10 32.20 32.20 32.10 32.87 33.90
Production 62.35 61.08 59.65 57.77 56.46 55.85

Temporary 5.55 6.72 8.15 10.13 10.67 10.25

Ž .Balanced panel 1986–1991 1080 firms .
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to firms’ activity in the sample. The most striking fact in this table is the different
evolution of each of the labour inputs, which confirms that the assumption of
homogeneous labour hides the differences in dynamics among labour inputs.
Whereas both the absolute and the relative amount of permanent employees
decreased along the period, temporary employment experienced a sharp growth
from 1987 to 1990. 7 Those years correspond to the expansionary phase of the
cycle, with high growth rates in real output, which contrasts with the reduction in
permanent employment during that period. This reduction is mainly led by
permanent production employment: its share in total employment fell from 62.3%
in 1986 to 55.8% in 1991.

Table 2 reports for each labour input the sample frequencies of movements by
year and size. The following conclusions can be drawn from examining this table.
First, while the proportion of observations not adjusting temporary employment is
very small, there is a significant proportion of firms that are not adjusting

Ž .permanent employment. This pattern is similar as that found in Rota 1997 for
Italy, a country also characterized by an extremely rigid labour market. Second,
adjustments are much more infrequent for nonproduction workers, precisely those
for whom training costs and severance payments are expected to be higher. Third,
for any labour input, the larger the firm, the higher the probability of adjustment,
which suggests either indivisibilities in labour inputs or, more likely, the existence
of costs of adjustment which are fixed in amount per firm. For a given percentage
change in a particular input, the cost per worker declines with firm size. 8

I have also reported the average of the mean job duration of temporary
employees, defined as the mean number of weeks divided by 52. The figures
suggest that many adjustments of temporary employment take place within the
year. Given the annual frequency of the data, it is very difficult to capture most of
the movements occurred in temporary employment. Even though adjustment costs
for temporary workers may be non-negligible, we cannot identify them at annual
frequencies, so that I will not consider the estimation of the Euler equation for this
labour input.

3.3. Econometric issues

Ž .Even though the Euler Eq. 2 include unobserved expectations of forward
variables, they can be substituted for by their actual values, adding an expecta-
tional error. Under rational expectations, and in the absence of measurement errors

7 Even though the employment trend for this sample matches that for total manufacturing until 1991,
the growth rates are significantly lower than the rate for total manufacturing employment in this period.

8 On the basis of informal evidence, it seems that smaller firms make fewer adjustments in the
number of employees, but they exploit more frequently the possibility of overtime hours. Unfortu-
nately, the data set reports information on the number of employees, but not on hours effectively
worked.
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Table 2
Firms’ distribution of movements in labour inputs by year and by size

Type of labour Movement Year

1987 1988 1989 1990 1991

Permanent Hiring 42.96 43.80 41.02 36.20 34.54
Firing 36.76 37.68 40.28 45.93 45.56

Nonproduction Hiring 32.87 38.89 35.56 34.36 31.57
Firing 21.48 21.02 24.16 25.93 26.58

Production Hiring 37.87 38.71 37.96 33.06 31.67
Firing 36.76 38.33 39.45 45.18 45.00

Temporary Hiring 76.02 74.35 74.07 64.35 58.52
Firing 19.44 20.65 20.74 30.46 35.09
Average job duration 0.36 0.40 0.44 0.46 0.48

Type of labour Movement Size

Small Med1 Med2 Large Total

Permanent Hiring 29.21 40.54 42.75 41.22 39.70
Firing 26.45 35.56 44.95 53.76 41.24

Nonproduction Hiring 18.81 26.74 41.17 47.56 34.63
Firing 12.37 17.81 24.53 38.25 23.83

Production Hiring 29.60 35.94 38.83 36.04 35.85
Firing 23.16 34.33 45.29 55.82 40.95

Temporary Hiring 71.45 71.39 70.10 64.87 69.46
Firing 19.60 22.57 25.84 31.79 25.28

Ž .Balanced panel 1986–1991 1080 firms . The category ‘no change’ has been dropped for being
redundant.
The average job duration of temporary employment is measured as the number of weeks divided by 52.
The size variables are referred to the firm’s time average of total employment.
Small denotes employment lower than or equal to 25.
Med1 denotes employment between 25 and 75.
Med2 denotes employment between 75 and 200.
Large for employment larger than 200.

and macroeconomic shocks, this expectational error e j satisfies the orthogonal-i, tq1
w j < xity condition E e V s0. However, while expectations of forward variablesi, tq1 i t

Žwill be a function of variables in the information set V and thus orthogonal toi t
.the error term , actual values of variables dated tq1 will no longer be orthogonal

to the error term. Therefore, OLS estimates will be inconsistent, and an instrumen-
tal variable approach will be needed. In principle any variable included in the
information set will be a valid instrument. I will thus perform joint estimation of
the system of Euler equations using the Generalized Method of Moments.

Since the wage rate for each labour input is observed at the industry level, but
Žnot at the firm level at which only the total wage bill and the amount of the each

.of the labour inputs are observed , I will assume that the wage margins between
any two labour inputs j and k, m j ,k sW jrW k, are equal between firms in thei t i t i t
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same industry. 9 This assumption implies that if a firm pays to a certain labour
input a wage rate above the industry wage rate, it also pays wages above the
industry wage rate to the other labour inputs. This is partly consistent with

Ž . Ž .Groshen 1991 for the US and, particularly, with Andres and Garcıa 1991 , for´ ´
Spain, where firms that pay wages above the average in some category tend to pay
wages above the average in all categories.

The wage measure W j is expected to differ from the true wage W j) by ani t i t

error term. This error can be characterized by a time-invariant, firm-specific,
measurement error component h j) , plus an additional uncorrelated component z j

i i t

reflecting further differences between the measured wage and the true wage.
Hence, the observed and the true wages are related by the relation W j sW j) qi t i t

h j) qz j. The existence of a highly persistent component of the measurementi i t

error implied by h j) seems very plausible. For instance, if a firm pays a wagei

margin above the industry average to a certain input, the observed wage for this
firm and this particular input will be downward biased. Since the relative wage for
such input in such firm will be more likely to remain above the industry-level
relative wage in subsequent periods, there will appear a persistently negative
measurement error. Notice that some assumption about the measurement error
structure, like the one I make, is necessary for model identification.

The unobservables in the empirical Euler equations are thus characterized by

Õ j sh j qa j qu j , js1,2 6Ž .i , tq1 i tq1 i , tq1

where, for input j, h j captures unobserved firm-specific time invariant effectsi
Ž . jincluding time-invariant measurement errors in wages , a is the aggregatetq1

shock in the demand for input j at period tq1, and u j is an idiosyncratic termi, tq1

including expectational errors e j , uncorrelated measurement errors z j , andi, tq1 i t

idiosyncratic shocks. The system must be estimated in first-differences to account
for firm-specific fixed effects. To control for aggregate shocks affecting all firms
equally, time dummies must also be included.

The fact that many firms do not adjust employment every year, as shown in
Table 2, is inconsistent with a differentiable specification for adjustment costs,
because there should not be any mass point for Dln L j . However, the Euleri t

equation for input j would still be valid for observations for which the adjustment
is done. In such a case, the Euler equation for each of the permanent labour inputs
can be estimated using those observations for which adjustment in two consecutive

j Ž jperiods is accomplished. Hence, I will condition on the event D s1 Dln Li, tq1 i t
j . Ž .Dln L /0 s1, where 1 P is the indicator function, which takes value one ifi, tq1

9 Obviously, whereas the wage margin of labour input j relative to labour input k will be constant
across firms in the same industry, the wage margin of a given labour input with respect to the average

Ž .wage rate total labour costrtotal employment will in general be different across firms, reflecting
differences in the occupational structure of employment across firms.
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the condition is true and zero otherwise. Since sample selection depends on the
variable of interest, endogeneity of selection must be accounted for.

Let Z gV be a vector of valid instruments for the Euler equation in firsti t i t
w j < xdifferences, so that E DÕ Z s0. However, since I am conditioning on thei, tq1 i t

j w j < j xevent D s1, in general E DÕ Z , D s1 /0. The choice probabil-i, tq1 i, tq1 i t i, tq1

ity of D j s1, or propensity score, conditional on Z , can be written asi, tq1 i t
j w jX j x j jp sPr p Z qj )0 , where p is a parameter vector, and ji, tq1 tq1 i, tq1 i, tq1 tq1 i, tq1

j Žis an error term. If the j are independently distributed with respect to Z seei, tq1 i t
. w j < j xStoker, 1991 , then the conditional expectation E DÕ Z , D s1 can bei, tq1 i t i, tq1

j Žobtained as a function of the p . Under certain conditions see Amemiya,i, tq1
. w j < j x1984 , this conditional expectation can be written as E DÕ Z , D s1 si, tq1 i t i, tq1

j j j j j Žs f , where s is the covariance between DÕ and j normalizedtq1 i, tq1 tq1 i, tq1 i, tq1
j . j jby the variance of j , and f is a function of the Z’s which, if j isi, tq1 i, tq1 i, tq1

normally distributed, is the inverse of the Mills ratio. 10 Therefore, defining
j Ž . j j jh u sDÕ ys f , the following moment conditions for input ji, tq1 i, tq1 tq1 i, tq1

hold for the subsample of observations for which the event D j s1 occurs:i, tq1

j j j j j j< <E h u Z , D s1 sE DÕ ys f Z , D s1 s0.Ž .i , tq1 i t i , tq1 i , tq1 tq1 i , tq1 i t i , tq1

7Ž .

Although the f j ’s are unobservable, they can be substituted by consistenti, tq1

estimates based on reduced-form probit models for the propensity scores, and
Ž .estimate the Euler equations in Eq. 7 by means of GMM procedures. Let

Ž . w 1 Ž . 2 Ž .xXh u s h u ,h u be the stacked vector of Euler equations for bothi, tq1 i, tq1 i, tq1

labour inputs. The GMM estimator exploits the sample analogues of the orthogo-
nality conditions

j<E h u Z D s1 s0. 8Ž . Ž .i , tq1 i t i , tq1

Ž .Denoting the vector of moment restrictions for every firm i is1, . . . ,n as
X X X ˆŽ . w x Ž . Ž .C x ,u s C , . . . ,C , where C u sh u Z , u is the estimatori i i1 i,Ty1 i t i, tq1 i t GMM

that minimizes the quadratic form:

X
C x ,u A C x ,u 9Ž . Ž . Ž .Ý Ýi i n i i

i i

where A is a weighting matrix which, under some regularity conditions, can ben

chosen optimally using a consistent estimate of the covariance matrix of the
moment restrictions. The cross-equation restrictions in the system of Euler equa-

Žtions induce non-linearities that require the use of numerical optimization see
.Ogaki, 1993 . The estimation was performed using routines written in GAUSS

language and the optimization algorithm included in the GAUSS application

10 The inverse of the Mills ratio is defined as the ratio of the density function to the cumulative
distribution function of the standard normal variable, evaluated at yp

X Z .tq1 i t
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module OPTMUM. I will compute two-step GMM estimates that take the weight-
Ž .ing matrix A u based on the one-step GMM estimates.n

4. Estimation results

For the estimation of the Euler equations I proceed in three stages. The main
parameters of interest are the adjustment cost parameters. However, the Euler Eq.
Ž .2 include the values of the marginal productivities of the labour inputs, but they

Ž .can be estimated separately using the parametric assumptions in Eq. 3 , and
substituted into each of the Euler equations in order to obtain the estimates of the
adjustment cost parameters. In the estimation of the Euler equation for each of the
labour inputs I use those observations for which the corresponding labour inputs
are adjusted in two consecutive periods. In order to control for endogenous sample
selection, I must first obtain consistent estimates of the propensity scores and

ˆ j Ž .substitute the estimated values f and the technological parameters into Eq.i, tq1
Ž . 117 to estimate the adjustment costs parameters using GMM procedures.

4.1. Estimation of the technology parameters

The parameters of the production function can be identified separately, exploit-
Ž .ing the information about inputs and the parameterization of technology in Eq. 3 .

I take a first order log–linear approximation around l s1, ; j, which yields:j

2 3N Nit i t2 3ln Y sa ln K qa ln N q a l y1 q a l y1 qeŽ . Ž .i t K i t L i t L L i tN Nit i t

10Ž .

where N sS N j . Denoting X as the vector of explanatory variables andi t j i t i t
Ž Ž 2 . Ž 3 ..X Ž .as a ,a ,a l y1 ,a l y1 as the parameter vector in Eq. 10 , thisK L L L

equation can be written as ln Y sa
X X qe . The technological shock eit i t i t i t

combines time-invariant firm-specific effects, aggregate shocks and idiosyncratic
shocks,

e sm qa y qn 11Ž .i t i t i t

where the idiosyncratic shock n , which entails technical progress, may bei t
Ž .autocorrelated over time. I assume that n follows an AR 1 process, n srni t i t i, ty1

Ž .qe . In this context, OLS estimation of Eq. 10 suffers from endogeneity biasi t

11 The fact that f j is replaced by a sample estimate introduces an additional error component whichi t

means that the conventional standard errors and specification tests will be inconsistent. However,
obtaining consistent standard errors in this framework is a nontrivial task that is beyond the scope of
the paper, and therefore I will not consider this problem.
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Ž .cf. Griliches and Mairesse, 1998 , since the endogenous variables in X arei t

correlated with e . However, the model can be consistently estimated by means ofi t

a first-difference transformation that also takes account of the autocorrelated
idiosyncratic shocks:

XX yD ln Y srD ln Y qaDX q yra DX qa qDe 12Ž . Ž .˜i t i , ty1 i t i , ty1 t i t

where the term that captures aggregate shocks is now a y sDa y yrDa y . In the˜t t ty1
Ž .estimation of Eq. 12 , lagged values of the logarithm of inputs and real output

dated ty2 and earlier are valid instruments. Notice that the technology parame-
Ž 2 3 .X Ž .ters u s a ,a ,l ,l ,r do not enter linearly in Eq. 12 . However, all theY K L

Ž .parameters in Eq. 12 are known functions of u . Thus after estimating theY

parameters from this equation, I can recover the parameters of interest in u usingY

a Minimum Distance procedure.
It is important to notice that the sample period was characterized by a huge

increase in the amount of temporary employment, following the 1984 labour
market reform, that eliminated legal restrictions on temporary contracts. This
reform allowed firms to reorganize their workforce by substituting temporary for
permanent employment, which explains the surprisingly high growth rates of
temporary employment. To account for this phenomenon of substitution of the

Ž . Žexisting labour input permanent employment by the new labour input tem-
.porary , I have also included two qualitative variables which indicate whether the

firm is reducing its permanent employment, at t and ty1. The inclusion of these
qualitative variables yields more precise estimates.

Table 3 presents the estimation results. The first panel reports the GMM
estimates, where the dependent variable is the logarithm of real value added, and
time dummies interacted with industry dummies were included to account for
industry shocks. In addition to the lagged values of the explanatory variables dated
ty2 and earlier, I have also included lags of employment in the four occupations

Žthat integrate nonproduction employment managers, professionals, clerical and
.commercial employees dated ty2 and earlier. These additional instruments

helped to improve the precision of the estimates. The validity of the instruments is
confirmed by the low value of the test of overidentifying restrictions. Furthermore,
the significance of the lagged dependent variable and the lagged inputs provides
evidence in favour of autocorrelated shocks.

The bottom panel presents the minimum distance estimates of the parameters of
interest. The Q test shows that the restrictions are not rejected by the data. The
values of the estimated coefficients on capital and aggregate labour do not reject
constant returns to scale. These two coefficients, and the autocorrelation coeffi-
cient r, are estimated with much more precision than the l j parameters. These
parameters, which represent the relative productivity of permanent production and
temporary employees with respect to permanent nonproduction employees, were
always below one, and we find that l2 )l3, although the difference between them
is not significant.
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Table 3
Estimation of the production function

Explanatory variables Dependent variable: ln Yt

First-differences GMM estimates of the linear approximation
Ž .ln Y 0.6081 0.0628ty1
Ž .ln K 0.4047 0.1418t
Ž .ln N 0.6894 0.1499t

2 Ž .N rN y0.3343 0.3220t t
3 Ž .N rN y0.2821 0.3115t t

Ž .ln K y0.1242 0.0556ty1
Ž .ln N y0.3963 0.1402ty1

2 Ž .N rN 0.2504 0.2436ty1 ty1
3 Ž .N rN 0.1180 0.2781ty1 ty1

1 2Ž Ž . . Ž .1 D L q L -0 0.1430 0.0521t t
1 2Ž Ž . . Ž .1 D L q L -0 y0.1640 0.0476ty1 ty1

Wald tests:
Ž .Lagged variables 102.8 0.00
Ž .Industry and time dummies 190.2 0.00
Ž .J test 60.5 0.67

Minimum distance estimates of the structural parameters
Ž .a 0.2020 0.0858K
Ž .a 0.6577 0.1419L

1l 1.0000
2 Ž .l 0.6594 0.4681
3 Ž .l 0.6223 0.4394

Ž .r 0.6157 0.0572
Wald tests:

Ž .Constant returns to scale 0.69 0.41
2 3 Ž .Joint significance of l , l 2.84 0.24

Ž .Q test 3.5 0.47

Ž .Sample period: 1989–1991 1080 firms .
Linear equation includes time dummies interacted with industry dummies.
Heteroskedasticity-robust asymptotic standard errors in parentheses.
J is the Hansen–Sargan test of overidentifying restrictions, asymptotically distributed under the null of
validity of the restrictions as a x 2 with 66 d.f.

2 ŽQ is the value of the minimum distance criterion, asymptotically distributed as a x with 4 d.f. equal
.to the number of restrictions .

Ž .The p-values of the tests significance levels above which the null hypothesis is rejected are reported
in parentheses.

4.2. Estimation of the adjustment costs parameters

I jointly estimate the Euler equations for both permanent labour inputs,
nonproduction and production workers, but discard the equation for temporary
employees. This input enters the Euler equations for permanent employment
contemporaneously and is treated as endogenous.
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To control for sample selection in each of the Euler equations, I first estimate
probit reduced forms for the event D j s1 for each permanent labour input. Ini, tq1

order to allow for conditional heteroskedasticity over time, probit estimations are
carried out year by year. The resulting estimates for nonproduction and production
employees from 1989 to 1991 are reported in Table 4. The goodness-of-fit of the
equations, according to the percentage of correct predictions on the event D j si, tq1

1, is between 59 and 85%. The lagged labour input j has a positive and significant
effect on the probability of adjustment, but this effect changes over time. Further-
more, the size of the firm does not have significant effects. It is remarkable that
the probability of adjusting one input increases if the firm did adjust such labour

Ž .input j in the past irrespective of the sign of the adjustment , which suggests the
existence of firm heterogeneity in the size of fixed costs. Finally, changes in the

Ž .firm’s output which approximate idiosyncratic shocks have very different effects
on the different years: this variable is only significant in 1989, and the effect is
larger for permanent production employees. I then estimate the inverse of the

ˆ j jMills’ ratio, f , for each observation with D s1 and include this variablei, tq1 i, tq1

in the corresponding Euler equation as an additional regressor. The coefficient of
this variable differs every year to allow for generalized heteroskedasticity.

Under measurement errors in wages, and even assuming that these measure-
ment errors are serially uncorrelated, only the values of predetermined variables
dated ty2 and earlier are valid instruments. The instrument set for the Euler
equation for each input includes values of changes in the three labour inputs
lagged two and three periods, lagged values of average real productivities of
labour inputs, and the real wage for that input lagged two periods. These variables
are arranged to enter as they do in the levels specification of the Euler equation,
which significantly improves the precision of the estimates. I also control for the
degree of utilization of production factors using two-digit industry-level data on
capacity utilization. The measure of the firms’ real discount rate is the long term
nominal interest rate deflated by the corresponding industry-level price indices
Ž .see Appendix A for a complete description of the variables .

Two-step estimates of the set of Euler equations for permanent labour inputs
Ž Ž ..based on the adjustment costs parameterization Eq. 5 are reported in the first

column of Table 5. The selectivity correction terms are jointly significant for both
equations. Furthermore, the low value of the J test of overidentifying restrictions
shows the validity of the instruments. Nevertheless, it is worth mentioning that the
precision of the parameter estimates is low. Parameters associated with quadratic

Ž .terms are positive for both nonproduction workers g and production workers11
Ž .g . Interestingly, the quadratic terms differ between both labour inputs, which22

confirms the heterogeneity of adjustment costs for different labour inputs. Particu-
larly interesting is that g )g , consistent with the higher skill of nonproduction11 22

labour.
The cross-adjustment terms are positive and jointly significant, but the cross-ad-

Ž .justment effects with temporary labour g and g are not individually signifi-13 23
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Table 4
j Ž j j .Probit estimates for adjustment in permanent labour inputs D s1 DL DL /0 , js1,2i t i t i, ty1

1 2Ž . Ž .Variable Nonproduction L Production Li j i j

1989 1990 1991 1989 1990 1991
1Ž . Ž . Ž . Ž . Ž . Ž . Ž .ln L 0.67 0.10 0.56 0.09 0.67 0.10 0.09 0.08 0.10 0.08 0.15 0.08i, ty2
2Ž . Ž . Ž . Ž . Ž . Ž . Ž .ln L y0.37 0.12 y0.19 0.11 y0.15 0.11 0.25 0.10 0.48 0.11 0.56 0.11i, ty2
3Ž . Ž . Ž . Ž . Ž . Ž . Ž .ln L 0.19 0.09 0.09 0.09 0.14 0.09 0.05 0.09 0.10 0.09 y0.01 0.09i, ty2

3 Ž . Ž . Ž . Ž . Ž . Ž .L rL y1.02 0.84 0.86 0.80 y0.47 0.78 y1.14 0.76 y0.47 0.72 1.05 0.72i, ty2 i, ty2
Ž . Ž . Ž . Ž . Ž . Ž .Med1 y0.06 0.32 0.11 0.28 0.12 0.31 0.14 0.22 y0.05 0.22 y0.07 0.22
Ž . Ž . Ž . Ž . Ž . Ž .Med2 0.26 0.40 0.30 0.37 0.45 0.39 0.25 0.31 0.01 0.31 y0.05 0.32
Ž . Ž . Ž . Ž . Ž . Ž .Large 0.57 0.55 0.68 0.51 0.20 0.52 0.32 0.44 y0.42 0.45 y0.40 0.45

1Ž . Ž . Ž . Ž . Ž . Ž . Ž .D ln L 0.17 0.27 0.73 0.29 0.15 0.32 y0.02 0.25 0.44 0.29 0.06 0.37i, ty2
2Ž . Ž . Ž . Ž . Ž . Ž . Ž .D ln L 0.48 0.34 0.29 0.36 y0.46 0.26 0.04 0.28 0.79 0.28 0.46 0.22i, ty2

Ž 3 . Ž . Ž . Ž . Ž . Ž . Ž .D ln L y0.03 0.10 0.00 0.08 0.02 0.08 y0.07 0.08 0.12 0.07 y0.04 0.07i, ty2
Ž . Ž . Ž . Ž . Ž . Ž . Ž .D ln Y 0.65 0.39 0.04 0.35 0.20 0.35 0.93 0.31 y0.33 0.31 0.19 0.31i, ty2

1Ž . Ž . Ž . Ž . Ž . Ž . Ž .1 DL )0 7.83 0.43 7.65 0.42 7.61 0.43 0.05 0.13 0.32 0.14 0.10 0.14i, ty2
2Ž . Ž . Ž . Ž . Ž . Ž . Ž .1 DL )0 0.14 0.20 0.21 0.18 y0.07 0.20 7.63 0.34 7.40 0.37 7.26 0.39i, ty2
1Ž . Ž . Ž . Ž . Ž . Ž . Ž .1 DL -0 7.65 0.44 7.40 0.43 7.57 0.43 0.01 0.15 0.19 0.15 0.01 0.15i, ty2
2Ž . Ž . Ž . Ž . Ž . Ž . Ž .1 DL -0 0.10 0.19 0.34 0.19 y0.32 0.19 7.48 0.35 7.50 0.38 7.52 0.39i, ty2

Goodness-of-fit statistics
%
Right predictions

jŽ .Neg. D s0 83.3 81.3 80.7 45.1 50.1 49.5i t
jŽ .Pos. D s1 59.3 64.7 63.1 83.1 85.3 83.3i t

2Pseudo-R 0.56 0.52 0.51 0.42 0.43 0.42

Ž .Balanced panel 1986–1991 1080 firms .
L1, L2 and L3 denote the number of permanent nonproduction, permanent production, and temporary employees respectively; Y denotes real output, ln is the

Ž . w xnatural logarithm and D is the difference operator. Med1, Med2 and Large are dummy variables denoting firm size see note to Table 2 . 1 P is the indicator
function, which takes value one if the condition is true and zero otherwise. Standard errors in parentheses. The Pseudo-R2 is defined as the relative gain in the
likelihood function between the estimated model and a restricted model that includes the constant term only.
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Table 5
GMM estimation of the system of Euler equations for permanent nonproduction and production
workers; third-degree polynomial

Ž . Ž . Ž .Permanent nonproduction g 0.7323 0.3797 0.5146 0.3000 0.5062 0.298611
Ž . Ž . Ž .d 0.4631 0.5060 0.6601 0.4592 0.6531 0.45971
Ž . Ž . Ž .Permanent production g 0.1771 0.3568 0.0687 0.0805 0.0696 0.080322
Ž . Ž . Ž .d y0.1145 0.1798 0.0615 0.0916 0.0561 0.08912
Ž . Ž .Cross-adjustment effects g 0.5698 0.2928 0.0671 0.119612
Ž .g 0.0341 0.022913
Ž .g 0.0076 0.016223

Wald tests of joint significance
Selectivity terms

Ž . Ž . Ž .nonproduction 12.2 3 6.8 3 9.7 3
Ž . Ž . Ž .production 8.2 3 2.6 3 2.7 3

Time dummies
Ž . Ž . Ž .nonproduction 7.9 3 5.5 3 5.8 3
Ž . Ž . Ž .production 2.8 3 2.6 3 0.6 3

Cross-adjustment effects
Ž .All 17.2 3
Ž .Temporary 12.3 2

Ž . Ž . Ž . Ž .J test d.f. 46.7 47 45.8 49 45.9 50
p-value 0.49 0.60 0.64

Time dummies included in both equations.
Heteroskedasticity-robust asymptotic standard errors in parentheses.
J is the Hansen–Sargan test of overidentifying restrictions, asymptotically distributed under the null of
valid restrictions as a x 2 with as many degrees of freedom as the number of overidentifying
restrictions.
The p-value is the significance level above which the null hypothesis is rejected.

cant, and their size is very small. The high value of g relative to the remaining12

cross-adjustment terms is somewhat surprising given the heterogeneity between
production and nonproduction employees. This result implies that hiring costs of
Ž .permanent nonproduction employees can be lowered if the firm dismisses
production employees in the same period. This coefficient can possibly be
capturing, in addition to cross-adjustment effects, the effect of a change towards
technologies that are less intensive in production labour. The increase both in net
fixed-capital investment and in the share of permanent nonproduction employ-
ment, as shown in Table 1, favours this explanation. The lack of significance of
the cross adjustment effects with temporary labour can be partly attributed to the
fact that many movements in temporary labour occur at frequencies higher than
annual.

Ž .The asymmetry coefficient is positive for nonproduction workers d , suggest-1
Ž .ing that hiring costs exceed firing costs, and negative for production workers d ,2

which suggests the opposite. Nevertheless, none of these coefficients are signifi-
ˆcant. The standard error of d is particularly high, and in fact the sign of this2

coefficient changes when the insignificant cross-adjustment effects are dropped.
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In addition, I considered an alternative adjustment cost specification, consisting
of a second-order polynomial that allowed for different coefficients on the
quadratic terms, depending on the sign of the adjustment. This specification,
which is non-differentiable at Dln L j s0, implies a non-monotonic dynamict

behaviour. The proper estimation of the Euler equations would involve the
evaluation of derivatives of index models, which makes estimation very cumber-
some. Instead, I estimated the equations interacting the coefficients associated with
positive and negative changes with their respective dummy variables. From the

Ž .estimates not reported here , the main qualitative results hold. Adjustment costs
appear to be higher for permanent nonproduction workers and asymmetric in the
sense that hiring costs exceed firing costs for permanent nonproduction workers.
However, asymmetry is not significant and goes in the opposite direction for
production workers. Finally, there are no significant cross-adjustment effects.

Ž .As Bresson et al. 1991 stress, one need not believe that estimates of the Euler
equations give the global adjustment cost function. Such estimates are very
dependent on the sample behaviour of employment and give only an indication of
the local shape of this function. In particular, as Table 1 shows, with the sample
period characterized by a huge increase in the number of temporary employees
together with a fall in permanent production employees, the estimates here must be
viewed as local.

5. Conclusions

In this study I have derived and estimated Euler equations for the demand of
permanent nonproduction and production labour inputs in a dynamic optimization
framework under rational expectations. To do this, the capital stock was taken as
predetermined and temporary labour was included as a separate input to allow for
interrelations with both permanent labour inputs. The specification of adjustment
costs was formulated in terms of growth rates of employment to take into account
the relative sizes of firms, allowing for asymmetries between hiring and firing and
for cross-adjustments effects among different labour inputs. The empirical analysis
was performed using a panel of 1080 Spanish manufacturing firms.

The main conclusions that can be drawn from the estimations are as follows.
There is evidence of heterogeneity in adjustment costs between permanent labour
inputs. There is a positive cross-adjustment effect between nonproduction and

Žproduction labour inputs. This effect, in the context of the sample period char-
.acterized by a bias towards technologies less intensive in production labour

implies that, at the margin, the costs of hiring permanent nonproduction employ-
ment may be lowered if the firm dismisses permanent production employees at the
same time. The cross-adjustment effects with temporary labour are also positive,
but such effects are small and nonsignificant. Although there is a hint of evidence
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of asymmetry between firing and hiring costs in permanent nonproduction labour,
it is not conclusive, since these parameters are loosely estimated. Adjustment costs
for nonproduction workers appear to be higher than those for production workers.
Intuitively, this is a sensible result, because the firm-specific human capital
requirements are expected to be higher the higher the skill.

The results need to be qualified for a number of reasons. Mainly, most of the
limitations of this study are intrinsically linked to the limitations of the data. First,

Ž . Ž .as asserted by Hamermesh 1993a,b and Hamermesh and Pfann 1996 , employ-
ment plans are likely to be revised more frequently than once a year. Use of data
at annual frequencies can lead to incorrect inferences about the underlying
structure of adjustment costs. 12 Empirically, quarterly data seem to be more
adequate. In fact, the frequency at which adjustments are made will be higher the
higher the flexibility of the contract. Therefore, the incidence of this problem will
be more acute in the case of temporary workers than in the case of permanent
workers. This assertion is confirmed by the data: the probability of adjustment
decreases both with the duration of the contract and with the skill, and decisions
on temporary labour occur at frequencies higher than annual. This fact could
explain the nonsignificance of the cross-adjustment effects on temporary labour.

Whereas the empirical analysis has taken the capital stock as predetermined, it
is plausible that the decisions of investment and labour demand are interrelated. In
such a case, the adjustment cost function could be augmented to include interac-
tions between labour and capital inputs. However, the generalization to a more
realistic model would pay the price of less parsimony and other potential misspeci-
fication problems related to assumptions about the timing of investment decisions
and about the moment when newly hired capital becomes productive.

The main limitation concerns the small number of cross-sections available to
estimate the model. This limits the scope of the results, because estimates of the
parameters may depend strongly on the aggregate phenomena that occurred in the
sample period. Only the availability of data for additional periods can clarify this
question.
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Appendix A. Data description

The CBBE data set is a balanced panel of 1080 Spanish non-energy, manufac-
turing companies, with a public share lower than 50 percent, recorded in the
database of the Bank of Spain’s Central Balance Sheet Office. Although this
database contains firm-level information on the balance sheets, employment, and
other complementary information for a large number of manufacturing companies
since 1982, disaggregated data on employment are reported only since 1986. I
have thus selected those firms that remained in the sample during 1986–1991, and
satisfied several coherency conditions. All companies with non-positive values for
net worth, capital stock, accumulated and accounting depreciation, labour costs,
employment, sales, output, or whose book value of capital stock jumped by a
factor greater than 3 from one year to the next, were dropped from the sample.
The variables are described as follows:

A.1. Employment

Number of employees is disaggregated into permanent white collar, permanent
blue collar and temporary employees. Permanent white collar employment is also
disaggregated into four occupations: managerial, professional, commercial and
clerical. To maintain measurement consistency, the number of temporary employ-
ees is calculated in annual terms by multiplying the number of temporary
employees along the year times the average number of weeks worked by tempo-
rary employees and divided by 52.

A.2. Real wages

The measure of the firm’s annual average labor costs per employee W isi t

computed as the ratio of Total wages and salaries to Total number of employees.
This measure was deflated using Retail Price Indices for each of the industries of

Ž .manufacturing sector. Source: National Statistics, hereinafter INE . Computation
of average wages per type of worker is done using information on wages of
nonproduction and production employees at industry level from Encuesta de
Salarios and on wages of permanent and temporary employees at industry level

Ž .from Distribucion de Salarios source: INE .´
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T Ž T P .Ž TThe wage for temporary employees is computed as W sW L qL L qi t i t i t i t i t
P P ,T . T PL m , where, for period t, L , L are the average annual number of temporaryi t i t i t i t

employees and the number of permanent employees in the firm, respectively, and
mP ,T is the wage margin of permanent employees with respect to temporaryi t

Ž .employees obtained at the industry level from Distribucion de Salarios . The´
wage of permanent employees is thus W P smP ,T W T. The wage for permanenti t i t i t

P b Ž P P . Ž P bproduction or blue collar employees can be computed as W s W L r L qi t i t i t i t
P w b ,w . P b P wL m , where, for period t, L and L are the number of permanenti t i t i t i t

Ž . Ž .production blue collar employees and permanent nonproduction white collar
employees, respectively, and mb ,w is the wage margin of nonproduction employ-i t

Žees with respect to production employees obtained at the industry level from
.Encuesta de Salarios . Finally, the wage of permanent white collar employees is

computed as W P w smb ,wW P b.i t i t i t

A.3. Output

Gross output at retail prices is calculated as total sales, plus the change in
finished product inventories and other income from the production process, minus

Ž .taxes derived on the production net of subsidies .

A.4. Fixed capital

I am interested in investment in depreciable fixed capital which is already
productive, so Land and Capital stock in course of construction are excluded from
the definition of the stock of fixed capital. Since the CBBE does not have
independent estimates of investment available, gross nominal investment I musti t

be imputed from changes in the book value of fixed capital with a correction for
depreciation, that is I sKNB yKNB qDep qRev where, KNB si t i t i, ty1 i t i t i t

ŽKGB yADep is the book value of the net stock of fixed capital book value ofi t i t
.the gross stock of fixed capital KGB minus accumulated depreciation ADep ;i t i t

Dep is the accounting depreciation during the year; and Rev is the net variationi t i t

in the book value of fixed capital and in its accumulated depreciation due to
positive andror negative revaluations.

To calculate the replacement value of capital, I use a perpetual inventory
method which takes account for depreciation and inflation. To do this, an initial
value for the first year that data are available for a given firm is calculated

Ž . Ž .AA iasq K s q rq =KGB 1yd , where, q is the price deflator of the1 i1 1 1yAA i t i ti

stock of fixed capital, d is the average depreciation rate of the stock of fixedi

capital, and AA is the average age of the stock of fixed capital. The average agei

is approximated by the ratio ADep rDep for the first year in which data for thei1 i1

firm are available. Furthermore, the average depreciation rate is computed at the
firm level as the ratio of the firm’s average accounting depreciation to the firm’s
average accumulated depreciation. As regards price indices, the corresponding

21



Ž .GDP implicit deflator of investment goods is used source: INE . The recursive
method to compute the replacement value of the stock of fixed capital from the

Ž . Ž .second year that data are available is q K s q rq K 1yd q I ,i t i t i t i, ty1 i, ty1 i i t

which assumes that investment occurs at the end of the year. The recursive method
employed here can generate negative market values q K , or market valuest t

significantly above zero when the book value of fixed capital is zero. This fact is
taken into account to eliminate firms with implausible values for the stock of fixed
capital.

A.5. Interest rates

To compute the discount rate, I use the long-term interest rate on electricity
Ž .company bonds source: Bank of Spain . The real rate of return is computed

deflating the nominal rate of return by the corresponding Retail Price Index at the
Ž .two-digit industry classification source: INE .
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